A reversed-phase liquid-chromatographic procedure is presented for quantitation of uric acid in human serum, with absorbance measured at 292 nm. The mobile phase was sodium acetate (35 mmoi/L, pH 5.0)/acetonitrile (9/1 by vol). Complete precipitation of serum proteins was obtained by mixing serum (50-500 tL) with an equal volume of acetonitrile, and the precipitate was removed by centrifugation. Aliquots (20 L) of the supernate were injected directly into the liquid chromatograph, which was adjusted so that the absorbance reading of the uric acid peak was as high as possible. Routinely, a full-scale deflection of 1.28 absorbance units was used. The within-run precision (CV) was 0.6% for a serum uric acid concentration of 227 zmol/L, and th day-to-day precision over a 15-day period was 0.8% for uric acid of 345 smoI/L. No interferences from related compounds were observed. We compared results by this method with those by kinetic (ace, Du Pont) and equilibrium adaptations (Ames kit; Nyco-test, Nyegaard; and Monotest, Boehringer Mannheim) of uricase methods. The method we report is simple, and can be used in a fully automatic liquid-chromatographic system.
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Uric acid in serum is now routinely determined either by a colorimetric procedure with phosphotungstate
(1), or by adaptations of the enzymic method with uricase (2-4). The phosphotungstste method is sensitive to the presence of other "redox" active compounds, and the enzymic methods exhibit the same shortcomings as other indirect, coupled-enzyme reactions. That is, the enzyme activities may be influenced by unknown compounds in the samples, and the stability of the reagents is always a problem. "High-performance" liquid chromatography (HPLC) is an obvious candidate as a reference method for the determination of serum uric acid, being a direct chemical method based on the chemical properties of uric acid itself rather than properties of other components as in the routine methods. Different separation principles and detectors have been used to measure uric acid in serum by HPLC. Pellicular ion-exchange columns were used in early work, coupled with electrochemical (5-7) or ultraviolet detection (8). More recently, reversedphase liquid chromatography has been studied, often with ultraviolet detection (9-13). In the present work, we tested a reversed-phase liquidchromatographic system that is highly sensitive for uric acid, and compared this procedure with various uricase methods.
Materials and Methods

Chemicals.
Uric acid, sodium salt, xanthine, hypoxanthine, Freshly drawn blood was collected into Venoject tubes (Terumo Europe N.y., 3030 Leuven, Belgium) without anticoagulant. After 30 mm at room temperature, the samples were centrifuged at 3000 X g for 5mm (Hettich Rotixa/K centrifuge; Andreas Hettich, Tuttlingen, F.R.G.). Serum samples (50-500 iiL) were mixed with an equal volume of acetonitrile. After vortex-mixing for lOs, the samples were again centrifuged at 3000 X g for 5 mm, and 20 sL of the supernate was injected into the chromatograph.
Standards
(100-800 imol/L) were prepared by diluting with water a stock uric acid solution silica (Pellosil HC ODS, particle diameter 25-37; Whatman Ltd., Maidstone, U.K.).
The Figure 1 (left) shows a chromatogram of a human serum sample; the retention time of uric acid was 3 mm. Uric acid standards also had a retention time of 3 mm, and their elution profiles were identical to that of the serum extract (data not shown, to conserve space). The purity and identity of the uric acid peak were also confirmed by incubation with uricase. Serum was diluted with an equal volume of Tris buffer (100 mmolfL, pH 8.0) to increase the catalytic activity of uricase during the incubation; the uric acid peak disappeared after treatment of the diluted serum with uricase for 15 mm before acetonitrile was added (Figure 1, right) . The small negative and positive peaks immediately after the uric acid peak are caused by the high concentration of acetonitrile in the sample, and were also observed when acetonitrile alone was injected into the chromatograph.
Results
The high concentration of acetonitrile in the sample and the mobile phase increased the apparent efficiency of the analytical column. Thus, injection of uric acid standards without acetonitrile in the sample resulted in broader elution profiles, which was even more pronounced when acetonitrile was omitted from the mobile phase (data not shown).
The sensitivity of HPLC procedure compared favorably with different equilibrium adaptations of the uricase method (Figure 2) . The standard curves of the Ames kit and Nyco-test were obtained by following the instructions of the manufacturers and using 50-1zL serum samples. We used 100 iiL of (Table 1 ). Table 1 also shows the data for the day-to-day precision of the HPLC method.
Analytical recovery. The procedure for removing proteins from serum is always critical for an HPLC method (14) (15, 16) . Addition of uric acid from a stock solution (1000 j.tmol/L) to a serum sample resulted in an analytical recovery of 100.8% of the uric acid, when our sample preparation procedure with acetonitrile was used. The protein concentration of the sample does not influence the analytical recovery of uric acid (data not shown), indicating that protein removal is complete.
In accordance with previous findings (17), the HPLC method measures a recovery of 73-79% of serum uric acid in ultrafiltrates of sera obtained with a micropartition system (MPS-1; Amicon Corp., Danvers, MA 01923).
Comparison
of the HPLC method with the enzymic methods.
The linear regression statistics for the HPLC method (x) vs the enzymic methods (y) were calculated for 15 different sera (concentration range 190-780 tmol/L). The correlation coefficients were 0.9847,0.9976, 0.9933, and 0.9975 for the HPLC method vs Monotest, Nyco-test, Ames kit, and aca, respectively. The slopes were 1.00 for both the aca and Nyco-test methods, and 1.01 for the Ames kit. For the Monotest comparison, the slope was 0.91. The intercepts were found to be slightly less than zero for aca, Nyco-test, and Ames (-5.0, -6.1, and -7.4 imolfL, respectively), and 32 imolfL for the Monotest comparison.
Interference of other compounds.
The following compounds were tested for possible interferences in the HPLC assay for uric acid: 1,7-dimethyixanthine, 3-methylxanthine, hypoxanthine, xanthine, creatinine, ascorbic acid, and allantoin. Injection of 20 L of the compounds alone (100 zmol/L) or with uric acid neither produced new peaks nor interfered in the quantitation of uric acid.
DiscussIon
HPLC routine analyses in clinical chemistry require simple and rapid sample-handling procedures, as well as simple and reliable chromatographic systems. Isocratic systems are favored. The HPLC procedure we present apparently conforms with these criteria. First, the sample preparation requires only the mixing of equal volumes of serum and acetonitrile and a short centrifugation before injection into the chromatograph. Second, the adopted isocratic system allows hundreds of consecutive samples to be analyzed without special maintenance of the equipment. The analyses can easily be fully automated with an auto-injector and data-processing facilities. The analysis is rapid, allowing an injection every 4 to 5 mm.
Acetonitrile is an ideal agent for precipitating serum proteins. However, one must always consider the problems of change in volume when acetonitrile is used as a protein-precipitating agent. A mixture of 1 1zL of water or buffer and 1 tL of acetonitrile has not the volume 2 iL, but rather 1.88 L, i.e., less than 95% of the expected value. Therefore, we always mixed all the standards and samples with equal volumes of acetonitrile, rather than with a preset volume.
The solvent front is not detectable at the detector sensitivity used in this study. The first peak to appear in the chromatogram is the uric acid peak, which is one reason for the high sensitivity of the system towards uric acid. The different concentrations of acetonitrile in the sample and the solvent do not seriously interfere with the quantitation of uric acid in the chromatogram.
Furthermore, the high concentration of acetonitrile used in the sample preparation appears to increase the selectivity of the overall procedure towards uric acid. Thus, in a related chromatograpitic system (11), involving use of 35 mL of acetonitrile per liter, the serum proteins are incompletely precipitated, and there is a marked solvent front, probably proteins.
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